Chelating magnetic nanocomposites have been considered as suitable materials for removal of heavy metal ions for water treatment. In this work poly(glycidyl methacrylate-maleic anhydride) copolymer (PGMA-MAn) is modified with 4-aminobenzenesulfonic acid (ABSAc) and subsequently the product reacted with modified Fe 3 O 4 nanoparticles and 1,2-ethanedithiol (EDT) in the presence of ultrasonic irradiation for preparation of tridimensional chelating magnetic nanocomposite. Synthesized magnetic nanocomposite was characterized by Fourier transform infrared spectroscopy (FT-IR), scanning electron microscopy (SEM), X-ray diffraction analysis (XRD), vibrating sample magnetometer (VSM), energy dispersive X-ray analysis (EDX), elemental mapping analysis (EMA), Brunauer-Emmett-Teller (BET), and thermal gravimetric analysis (TGA). The adsorption behavior of Cu(II) ions was investigated by synthesized nanocomposite in various parameters such as pH, contact time, metal ion concentration, and adsorbent dosage. The equilibrium distribution coefficient ( ) was determined and the findings prove that the value is approximately high in the case of all selected metal ions. The synthesized nanocomposite exhibited good tendency for removing Cu(II) ions from aqueous solutions even at an acidic pH.
Introduction
All over the world, the adsorption of toxic metal ions pollutants from aqueous media is one of the major environmental and economic problems [1] . Heavy metals pollutants have developed a serious universal problem that endangers the environment and the health of human beings, due to their toxicity, carcinogenic effects, and tendency to bioaccumulate in living tissues particularly in human bodies. They can cause significant physiological disorders such as damage to central nervous system, production of energy, and irreversible damage of vital organs of body [2, 3] . About heavy metal pollution it should be also realized that, to prevent heavy metal poisoning, immediate detoxification of heavy metal wastewater through appropriate treatment is essential. Heavy metals are not decomposed by microbiological activities where they can be enriched by organisms and the type of bonding can be converted to more poisonous complexes (metal-organic) and the polluted areas can become spread by diffusion in the environment. Therefore, the removal of toxic metal ions from waters and wastewaters is essential in terms of safety of public health and environment [4] .
Among heavy metal ions, copper is an essential trace element for human beings, yet it would become a great threat to public health with excessive ingestion. According to U.S. Environmental Protection Agency (EPA) and World Health Organization (WHO), the permissible limit of copper in drinking water is 1.3 and 2.0 mg dm 3 , respectively [5] . Compared to pure copper, Cu(II) salts are more toxic because of 2 International Journal of Polymer Science their water-soluble nature, with the main risks of gastrointestinal irritation, liver and kidney damage, and intravascular hemolysis. Their target organs are the gastrointestinal tract, cardiovascular and circulatory system, hematopoietic system, liver, kidneys, and nervous system [6] .
Different methods of treating effluent containing Cu(II) have been developed over years which include coagulation, ion exchange, membrane separation, reverse osmosis, solvent extraction, chemical precipitation, and electroflotation [7] . However, most of these processes are unacceptable because of following reasons: disposal of sludge, their high cost, low efficiency, and inapplicability to a wide range of pollutants [8] .
There are many types of adsorbents including natural materials (clays, zeolites, and lignite), activated carbon, silica gel, resins, polymeric hybrid sorbents, oxide minerals, fibers, biosorbents, and waste materials which have been used for adsorption of metal ions from aqueous solutions [9] . However, most adsorbents are nonselective and remove not only the target pollutants but also the minerals present in water. Thus, the topic necessitates the development of new polymeric adsorbents which have shown high performance and significant enhancement in toxic metal ion removal efficiencies from water [10] .
Nowadays, among these methods, adsorption is the most promising technique due to its easiness, suitability, and high removal efficiency that make it a potentially cost-effective method for the elimination of toxic heavy metals from wastewater [11, 12] . Despite this, the development of novel adsorbents as nanomaterial with high performance is in great demand [13] [14] [15] . In the case of good performance of the removal of heavy metal ions with suitable functional groups magnetic nanomaterials combining magnetic separation and nanotechnology would be useful. Moreover, these magnetic nanomaterials as an adsorbent show excellent reusability after magnetic separation and the use of magnetic nanoparticles in treatment of wastewater is promising, due to high efficiency and cost effectiveness [16, 17] .
Magnetic polymeric adsorbents are easy to be separated and have a relatively high surface area. They manipulate complex multiphase systems with an external magnetic field. A further step for developing adsorbents with superior properties would be the inclusion of magnetic particles into polymers, thus obtaining the advantages of both materials [24] . Recent studies indicated that nanomagnetic chelating polymers might be potential candidates as novel adsorbents. Functional polymers can be coated on the magnetic core to improve the stability of nanodispersions by preventing their aggregation; moreover, the absorption properties can be tailored by suitable functional groups [25, 26] . Therefore, an effective and simple method is urgently needed to synthesize modified magnetic polymeric nanomaterials with high saturation magnetization and relative large specific area which have good functional groups as binding sites (contain donors O, N, and S heteroatoms) for removal of heavy metals [27] [28] [29] [30] . For this reason, a new reactive copolymer based on glycidyl methacrylate (GMA) and maleic anhydride (MAn) with reactive functional groups was applied for easy functionalization and also -SO 3 H group was selected as functional group for its effective adsorption of toxic metal ions by using sulfanilic acid compound [31, 32] .
The objective of current research is to synthesize a chelating magnetic nanocomposite (CMN). A reactive PGMAMAn copolymer was prepared by free radical copolymerization and the copolymer grafted by ABSAc. The grafted copolymer reacted with modified Fe 3 O 4 nanoparticles and 1,2-ethanedithiol as modifier and cross-linker, respectively. The synthesized CMN was characterized and its ability to remove the Cu(II) ions from aqueous solutions was investigated at different conditions.
Experimental
2.1. Materials. Analytical grade glycidyl methacrylate (GMA), benzoyl peroxide (BPO), and maleic anhydride (MAn) were purchased from Sigma Aldrich Company. The GMA was distilled under reduced pressure before use. 3-Aminopropyl triethoxysilane (APTES) 99%, reagent-grade tetrahydrofuran (THF), n-hexane, ethanol, n-hexane, HCl, ammonia, and copper nitrate were purchased from Merck Company.
Equipment.
IR spectra were measured with a Fourier transform infrared (FT-IR) spectrophotometer (Nexus -670, Thermo Nicolet USA). The elemental analysis was performed by CHN analyzer (2400 series II, Perkin Elmer Company, USA). Surface area measurement was carried out by the Brunauer-Emmett-Teller method (BET) with Quantachrome TPRWin v1.0 (USA). The morphology of the nanocomposite was examined via scanning electron microscopy (SEM), (XL30 Philips Company, Netherland). The surface components of the samples were analyzed by using energy dispersive spectrometer (EDX) and element mapping analysis (EMA) (XL30 Philips Company, Netherland). The magnetic properties were measured with a vibrating sample magnetometer (VSM) (Lakeshore Cryotronics, Westerville, OH, USA) at room temperature in magnetic fields of up to 20 kOe. The X-ray diffraction (XRD) spectra were recorded on an X'pert Philips X-ray photoelectron spectrometer using nonmonochromated Mg Ka radiation as the excitation source (Netherland). Atomic absorption spectrophotometer (AAS), Shimadzu AA-6800 (Japan), was used for the determination of the metal ion concentrations in aqueous solutions. TGA analyses of prepared polymers were determined using the NETZSCH (Germany)-200 F3 Maia by scanning to 600 ∘ C with the heating rate of 10 ∘ C/min.
Preparation of 4-Aminobenzenesulfonic Acid (ABSAc).
The ABSAc was prepared according to our previous work [32] . The brief description of synthetic method is as follows: typically, 10 g aniline in a 500 mL three-neck flask was fitted with a reflux condenser and a thermometer. Then 17.4 mL concentrated sulfuric acid was added to the flask slowly and cautiously. Afterwards the mixture was heated to about 170 ∘ C for 2.5 h. After the mixture was cooled to 50 ∘ C, it was poured into a beaker containing 100 mL of ice water. The ABSAc was purified by crystallization from hot water and then filtered and dried in vacuum oven at 60 ∘ C for 24 h.
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Scheme 2: Modification reaction of Fe 3 O 4 magnetic nanoparticles by silanization reaction.
Synthesis of Glycidyl Methacrylate and Maleic Anhydride
Copolymer (PGMA-MAn). Free radical copolymerization was used for the preparation of PGMA-MAn copolymer of GMA and MA in THF solvent according to our previous study [33] . The GMA and MA in molar ratio of 1 : 1 and THF (100 mL) were poured into a round-bottom flask equipped with a magnetic stirrer under an inert atmosphere. The reaction solution was degased through bubbling system with Ar for 30 min and then flask was placed in a preheated oil bath. The copolymerization processes were conducted at 80 ∘ C in the presence of BPO as initiator (1 mole %) for 8 hr. When the reaction was completed the solution was cooled (room temperature) and then the copolymer was precipitated in nhexane as nonsolvent. Precipitated copolymer was separated from solvent by filtration. The filtrate (white-cream powder) was washed several times with n-hexane and dried in a vacuum oven at 40 ∘ C. Finally it was dried in a vacuum oven at 40 ∘ C until constant weight was achieved. The elemental analysis of final copolymer in molar ratio of 1 : 1 was measured and showed 54.78% C, 6.52% H, and 38.7% O. Scheme 1 shows the schematic of the fabrication route to prepare the copolymer. were functionalized with 3-aminopropyl triethoxysilane for production of nanoparticles that contain amine groups [34] . These functional groups increase the availability of amine functions for the complexation of metal ions as well as sulfate groups in polymer structure. A long time is needed for the reaction between a liquid alkoxysilane and solid nanoparticles as a heterogenic reaction (silanization). In this case, the nanoparticles (1.50 g) were dispersed in ethanol (150 mL) ultrasonically in a water bath under Ar atmosphere for 45 min. The resultant dispersion was bubbled with argon gas for 30 min and then 3-aminopropyl-triethoxysilane (13 mmol, 3 mL) compound was added into the mixture and the mixture was sonicated for 1 hr and then heated at 50 ∘ C under magnetic stirring for 24 hr. Modification reaction of MNPs was shown in Scheme 2. Lastly, modified MNPs were washed by acetone and deionized water for several times and dried in vacuum oven at 60 ∘ C for 24 h. Scheme 2 shows modification reaction of MNPs. 
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Scheme 3: Reaction mechanism for synthesis of PGMA-MAn/ABSAc@Fe 3 O 4 nanocomposite. particles have hydrophobic surfaces with a large surface area to volume ratio, so this leads to agglomeration of particles and formation of large clusters, resulting in increased particle size. Representative images of the PGMA-MAn copolymer in Figure 1(b) reveal bulk morphology with small clusters of irregular clots in microscale. So, it can be acclaimed that in consequence of GMA and MAn copolymerization an amorphous white-cream cluster with a porous structure was formed and the copolymer apparently exhibited the uniform morphology with connected particles. It was observed that surface morphology of prepared magnetic nanocomposite differed from the unmodified Fe 3 O 4 nanoparticles and copolymer (Figure 1(c) ). The surface irregularity of the synthesized nanocomposite and the formed sheet structure of it can be due to cross-linking process and presence of nanoparticles and 1,2-ethanedithiol into the composite structure. It seems that the MNPs-NH 2 nanoparticles in composite structure were multidispersed in sheets with thickness of about 50 nm.
Synthesis of PGMA-MAn

Results and Discussion
Characterization of the Prepared Materials
The SEM image of nanocomposite-Cu(II) complex after adsorption is shown in Figure 1(d) . This image showed curly and irregular sheets on the surface of the PGMA-MAn/ ABSAc@Fe 3 O 4 nanocomposite. After the adsorption of Cu(II) metal ions, surface of the nanocomposite was evenly packed with this metal ion and the bead structure was slightly longer apparent which indicates that the active sites such as amine, sulfide, and sulfate groups existed on the protruding portions of the surface. The resulting a smooth surface on irregular sheets (with slight increasing the thickness size) indicates the suitable interactions of Cu(II) ions with the active sites of prepared nanocomposite.
XRD.
The XRD patterns of the prepared Fe 3 O 4 nanoparticles, the copolymer, and PGMA-MAn/ABSAc@Fe 3 O 4 were used for phase confirmation (Figure 2 Figures 3(a)-3(e) , respectively. In Figure 3 (a) the absorption peaks of 780, 1000, 1150, 1230, 1260, 1470, and 1600 were attributed to the C-S, S-OH, SO 3 H, O=S=O, C-N, and C=C groups, respectively, in ABSAc compound. As is clear from Figure 3 In the case of copolymer spectrum the peaks observed at the range of 2999-2874 cm −1 are attributed to the asymmetrical and symmetrical C-H stretching of aliphatic methine, methylene, and methyl groups (Figure 3(d) ). The C=O stretching of the ester groups (related to GMA portion) is observed at 1730 cm In Figure 3 (e), the peaks at about 3430-3455 are attributed to OH and NH stretching vibration. The peaks at 3198, 1730, 1705, and 1650 cm −1 are ascribed to amide group (stretching vibration of N-H), C=O bond of ester, carboxylic acid, and amid group, respectively. In addition, disappearance of anhydride peaks clearly shows the synthesis of nanocomposite. In Figure 3 (e), appearance of ester peak (1730), O=S=O peak (1280), -SO 3 H (1240-1170), S-OH (990), C-S (820), and Fe-O (590 cm −1 ) peak demonstrates that the nanocomposite was successfully synthesized. The stretching of S=O group can appear at 1035 and 505 cm −1 which have overlapped with other peaks. Also appearance of amid peak indicated that amine group of ABSAc was opened the anhydride groups. another evidence for successful preparation of the nanocomposite. Element mapping analysis (SEM-EDX) was used for determination of element distribution on the surface of nanocomposite beads. This analysis was carried out on a crosssectioned nanocomposite bead and the results are shown in Figure 4 (c). These images indicate the presence of some elements which confirm the synthesis of PGMA-MAn/ABSAc@ Fe 3 O 4 nanocomposite.
VSM.
Isolation of magnetic nanoparticles sorbents from solutions is possible easily by using a magnet, so the magnetization power of sorbents is essential. Saturation magnetization ( ) value of Fe 3 O 4 nanoparticles was 63 emu/g. The surface of Fe 3 O 4 nanoparticles was coated with aminopropyltriethoxysilane compound which leads to a decrease in saturation magnetization value of MNPs-NH 2 . The saturation magnetization values of modified MNPs and nanocomposite were determined 59 and 31 emu/g, respectively, and compared with the original nanoparticles. Figure 5 shows the magnetization curve as a function of perpendicular magnetic field for bare Fe 3 O 4 , Fe 3 O 4 -NH 2 , and PGMA-MAn/ ABSAc@Fe 3 O 4 nanocomposite at room temperature.
Both modified nanoparticles and nanocomposite curves show a smaller magnetic properties value as compared to uncoated Fe 3 O 4 nanoparticles which provides evidence of the formation of a silane compound and polymer matrix around the Fe 3 O 4 nanoparticles. Since the polymer matrix was diamagnetism, it was reasonable that the ratio of paramagnetic content decreased, which led to lower saturation moments than that of the bare Fe 3 O 4 . It is well known that small coercivity (Hc) and remanence (Mr) in the absence of the external magnetic field indicated the super-paramagnetic property of materials [27] . Therefore, according to the obtained results, it was concluded that both MNPs-NH 2 nanoparticles and PGMA-MAn/ABSAc@Fe 3 O 4 nanocomposite were superparamagnetic.
The synthesized nanocomposites (with many -COOH, -SO 3 H, and -NH 2 groups) were uniformly dispersed in aqueous solution in the absence of magnetic field. To further investigate the performance of the magnetic nanocomposite under magnetic environment, the nanocomposite was dispersed in water that obtained dark black dispersion. Then a magnet was placed near the cuvette to separate the nanocomposites. The nanoparticles were completely aggregated to the cuvette wall within about 20 sec, and the dispersion became clear and transparent ( Figure 6 ). The prepared nanocomposite with good magnetic properties and suitable functional groups suggests that it can probably be applied for any kind of magnetic field-guided targeting.
Thermogravimetric Analysis (TGA).
Thermogravimetric analysis (TGA) was used to evaluate the thermal stability of synthesized materials. Figure 7 demonstrates the TGA thermograms of Fe 3 O 4 nanoparticles, MNPs-NH 2 , PGMA-MAn copolymer, and PGMA-MAn/ABSAc@Fe 3 O 4 nanocomposite under nitrogen atmosphere (from 50 ∘ C to 800 ∘ C by heating rate of 10 ∘ C/min). As shown in Figure 7 (a) the bare Fe 3 O 4 nanoparticles show a weight loss of about 1.7% at temperatures of 50 to 200 ∘ C which can be related to the loss of physically adsorbed water. The weight loss, 1.4% at 700-800 ∘ C, may be attributed to the thermal crystal phase transformation from Fe 3 O 4 to -Fe 2 O 3 . In the case of the MNPs-NH 2 it can be observed that three steps occurred (Figure 7(a) ). The initial step at 50-210 ∘ C was related to the loss of water. The two latter weight losses (210-300 ∘ C and 300-800 ∘ C) were attributed to decomposition of the 3-Aminopropyl triethoxysilane portion anchored to the Fe 3 O 4 which confirmed the reaction of silane compound with Fe 3 O 4 nanoparticles. Figure 7 (b) indicates the TGA of PGMA-MAn copolymer. In this figure there is one thermal decomposition which can be related to entire decomposition of the copolymer (degradation of pendent ester groups (-COOR), loss of CO 2 , and decomposition of the main chain of polymer).
In the TGA curve of the PGMA-MAn/ABSAc@Fe 3 O 4 nanocomposite (Figure 7(c) To achieve optimum removal efficiency and prevent the risk of the hydroxide precipitation of the Cu(II) ions, in the subsequent experiments, pH value of 6 was selected as the optimum value for the removal of Cu(II). The pH of the solutions was adjusted by the use of acetic acid/sodium acetate buffer.
Metal Ion Concentration.
The rate of adsorption is an imperative factor for effective adsorption and depends on the initial concentration of metal ion [12] . The removal percentage of Cu(II) by PGMA-MAn/ABSAc@Fe 3 O 4 at different concentrations (1−25 mg/L), keeping all other factors constant, is revealed in Figure 8(b) . By increasing the metal ion concentration the removal percentage of metal ion was increased up to 10 mg/L. Further increase in the concentration of metal ions was accompanied by reduction in the removal percentage and this phenomenon may be due to saturation of the functional groups in adsorption sites of the adsorbent with the Cu(II) ions at higher concentrations.
Agitation Speed.
The effect of agitation speed was also investigated at room temperature. As shown in Figure 9 (a) it was observed that by increasing the agitation speed from 50 to 300 rpm, the maximum removal percentage of Cu(II) ions was obtained up to 150 rpm. Hence, at a agitation speed between 100 and 150 rpm, maximum adsorption was obtained, with 99% removal of Cu(II). This result can be due to the fact that increase in agitation speed enhanced diffusion of metal ions to the surface of the adsorbent and also caused reduction of the boundary layer film around the adsorbent. Adsorption capacity of prepared magnetic nanocomposite was determined with (2) as follows:
where 0 and are the initial and equilibrium concentration of metal ions (mg/L) at initial and equilibrium time, respectively; and are volume of the solution (L) and the weight of adsorbent (g), respectively. The abundant availability of active sites on the nanocomposite can be reason of the rapid phase, whereas adsorption becomes less efficient with the gradual occupancy of these active sites, during the slower phase. Adsorption of Cu(II) ions is found to be proportionate to the contact time up to equilibrium achieved, after which it is independent of time because of the fact that the rate of adsorption and desorption will be same at equilibrium. This relatively fast sorption of Cu(II) on the prepared nanocomposite probably reflects high accessibility of this metal ion to the ion exchange sites in PGMA-MAn/ABSAc@Fe 3 O 4 .
Adsorbent Dose.
The amount of adsorbents is very important parameter as it determines the extent of metal ion adsorption and maybe used to define the cost of adsorbent per unit volume of solution to be treated [28] . The removal percentage for Cu(II) ion was investigated as a function of adsorbent dosage and the results are shown in Figure 9 (c). From the experimental data it can be deduced that the adsorption of the Cu(II) increased with increasing the amount of adsorbents. This increase in the adsorption could be due to presence of more binding sites on the surface of adsorbents to form complexes with Cu(II). It may be deduced from these results that, at lower adsorbent dosage (below 10 mg), the metal ions were competing for sorption by functional groups at limiting sorption sites. By increasing the amount of adsorbent, the availability of sorption sites eased resulting in greater removal percentage of metal ions. However further increase in the mass of adsorbent did not result in sufficient enhancement in the sorption capacity of the prepared nanocomposite for these metal ions. However, the optimum amount of the nanocomposite for further adsorption experiments was selected as 10 mg, due to the maximum adsorption happening for 10 mg of adsorbents and further increase in adsorbent dosage had less influence on removal of Cu(II). This can probably suggest that adsorption of Cu(II) occurs mostly with active sites on the surface of samples.
Investigation of Nanocomposite-Cu(II) Complex by FT-IR
and EDX Analyses. FT-IR and EDX techniques can be used for confirmation of the adsorption process by synthesized chelating nanocomposite. The FT-IR spectroscopy has been used for the characterization of nanocomposite metal complexes because of the frequency at which a characteristic group of the polymer absorbs is modified by metal ion complexation, the shift or absence of a certain band present in the starting ligand, and the presence of new bands being observed. Therefore, the first information about the structural changes caused by the complexation of obtained chelated resin with Cu(II) was provided by FT-IR spectra.
The shift of infrared absorption bands for the free carbonyl bond (C=O) of the carboxylate and amide groups can be observed in FT-IR spectrum. In Figure 10 -I (a and b) it seems that, due to the chelation of Cu(II) ions with nanocomposite, the absorption peaks of various carbonyl groups (ester and groups) overlapped with each other, and they appeared as broad peak at about 1735-1650 cm −1 . After the chelating process, the FT-IR shows that, at the result of nitrogen ion pair incorporation (acid and amide) in this process, the carbonyl absorption of acid and amide absorption peak in FT-IR has blue shifted. The absorption bands at 1176, 1123, and 1011 cm −1 which are related to O=S=O, C-S, and S-OH, respectively, have no change after chelation. Also, the absorption bands characteristics for the aromatic parts of the matrix were not influenced by the metal complexation.
The EDX technique was used to explain the mechanisms of Cu(II) adsorption onto the chelating magnetic nanocomposite. In Figure 10 -II(a), the new peaks of Cu(II) in spectrum demonstrated that this metal ion was loaded on the prepared nanocomposite. This result confirmed the presence of Cu(II) metal ions on the surface of adsorbent. Elemental mapping analysis demonstrates the presence of Cu(II) ions in adsorbent which can be seen in Figure 10-II(b) . The proposed mechanism for interaction of PGMA-MAn/ABSAc@Fe 3 O 4 nanocomposite with Cu(II) ions is shown in Scheme 5. There are electron donor atoms such as oxygen and nitrogen in the adsorption sites of the synthesized nanocomposite which can interact with metal ions. It can be said that the electron of HOMO orbital (donor atoms) can come to LUMO orbital of acceptor atoms (metal ions). At the result of this process complex nanocomposite metal can be formed. retained by the adsorbent as solid phase, while low values of, , indicate that a large fraction of the metal remains in the solution phase. The distribution coefficient was calculated using the fallow equation [36] .
Determination of the Equilibrium
(in the unit of mL/g throughout) is simply a mass-weighted partition coefficient between the solid phase and the liquid supernatant phase as follows:
= amount of metal ion in the adsorbent amount of metal ion in the solution × ,
n n
Scheme 5: The proposed mechanism for interaction of PGMA-MAn/ABSAc@Fe 3 O 4 nanocomposite with Cu(II) ions. where is the volume of the solution (mL) and is the weight of adsorbent (g). Initial and final concentrations of the Cu(II) ions in the solutions were measured by AAS. Table 1 shows the value for adsorption of single metal ions. In the case of the removal of Cu(II) ions by PGMA-MAn/ ABSAc@Fe 3 O 4 nanocomposite, the results indicated that the value is approximately high which proved that metal ions have been retained by the adsorbent.
Desorption Studies.
For potential practical applications, the regeneration and reuse of an adsorbent are important. From the pH study, it has been determined that the adsorption of copper ions on the synthesized nanocomposite tested at pH < 2.0 was negligible at about 15%. This suggested that desorption of copper ions from this magnetic adsorbent was possible around pH lower than 2. For investigation of desorption process, HCl solutions with different pH (1, 1.5, and 2) were used. In Figure 11 it can be seen that the desorption percentages were 91, 85, and 69% for the synthesized nanocomposite in the HCl solutions of pH 1, 1.5, and 2, respectively. The higher desorption efficiency at pH 1 could be referred to the sufficiently high hydrogen ion concentration, which led to the strong competitive adsorption and protonation of active sites. The efficiency of this nanocomposite was determined in adsorption-desorption process for three times (achieved to 81%).
Comparison with Other Adsorbents.
Comparative information on removal of Cu(II) with those of other published results is given in Table 2 . The comparative results show that the removal efficiencies of the prepared adsorbent were comparable or higher, in some cases, than the most reported adsorbents in Table 2 . Moreover, it was noted that the contact time required for the metal adsorption using this adsorbent was short and the adsorption equilibriums were reached within few minutes for ionic species examined. 
Conclusions
In this study, a novel magnetic chelating adsorbent was prepared using reaction of reactive PGMA-MAn copolymer, ABSAc, MNPs-NH 2 , and 1,2-ethanedithiol. The synthesized materials were characterized by FT-IR, SEM, EDX, XRD, BET, TGA, and VSM. The adsorption capability of Cu(II) by magnetic chelating adsorbent was investigated. The obtained results can be concluded as follows:
(i) The obtained results from the TGA and VSM of the bare Fe 3 O 4 before and after coating clearly indicated that coating procedure was successfully performed.
(ii) The FT-IR, SEM and EDX analyses were shown successful synthesis of magnetic nanocomposite.
(iii) Cu(II) adsorption rate was found to be quite fast and the equilibrium could be achieved within 15 min.
(iv) PGMA-MAn-ABSAc/Fe 3 O 4 -NH 2 nanocomposite can be used to remove Cu(II) ions via adsorption at pH 6 while regenerated via desorption at pH 1.
(v) Maximum adsorption percentage was obtained at pH between 5 and 6.
(vi) The obtained results showed rapid and effective favored adsorption method for the removal of Cu(II) ions.
